Aim: Within this study, we investigated ECG changes in acute patients diagnosed with Tako Tsubo syndrome (TTS) and report on the prognostic impact of the respective ECG patterns. Methods and Results: This single-center study included 101 consecutive patients diagnosed with TTS between 2006 and 2017. Upon 12-lead admission ECG, 59 patients had ST-segment elevation (58%, STEMI), 9 patients had only ST-segment depression (9%, NSTEMI) and 27 T-wave inversion (27%, NSTEMI). Patients who were admitted to the hospital 12 hours after symptom onset were more likely to present with Twave inversion on ECG (T-inversion 47% vs. STelevation 23% ST, p= 0,05). T-wave inversion was also associated with significantly higher values of NT-pro-BNP (p=0,024), while high-sensitive cardiac troponin I (hs-CTnI) and creatine kinase (CK) were comparable between the groups. There was no difference in ECG changes among the different types of TTS (apical, midventricular, apical-midventricular and basal type). In a second step, patients with ST-segment elevation were divided into three groups based on the pattern of STsegment elevation: Group A (concave type, n=35), group B (straight type, n=8) and group C (convex type, n=10), respectively. Straight type ST-segment elevation was associated with a higher incidence of in-hospital MACE (p = 0,002), while patients with convex type STelevation were hospitalized for a longer time (p= 0,010). There was no difference in three-year all-cause mortality based on repolarization abnormalities ((χ2(2) = 0,839, p=0,657) or the pattern of ST-elevation ((χ2(2) = 0,501, p=0,778). Conclusion: The present study describes typical ECG changes in TTS and highlights their impact on cardiac biomarkers and clinical outcomes. There was no prognostic difference between ST-elevation, STdepression or T-wave inversion at admission ECG, however straight-type pattern of ST-segment elevation may be associated with a worse prognosis.
Introduction
Takotsubo Syndrome (TTS), commonly referred to as broken-heart syndrome or stress-cardiomyopathy, is defined by transient, circumferential regional wall motion abnormalities in the absence of a culprit coronary artery lesion. Patients, in >90 % postmenopausal women, typically present with a sudden onset of retrosternal chest pain or dyspnea accompanied by new electrocardiographic abnormalities, and mimicking acute myocardial infarction [1, 2] . High prevalence rates of up to 1,2 -2,0% have been reported among patients presenting as suspected acute coronary syndrome (ACS), making TTS an important differential diagnosis in the evaluation of patients with acute chest pain [3, 4] .
While TTS was generally considered a benign, reversible condition, there is a justified reason for caution [5] . Substantial rates of in-hospital complications and long-term mortality were observed in this setting. Therefore, tools to predict clinical outcome have been developed in order to stratify patients into low-and high-risk groups. Persistent ST-segment elevation, prolonged QTc-interval and the presence of Q waves have been shown to be associated with an increased risk of in-hospital mortality. Accordingly, an early detection of high-risk patients should be strongly considered [6, 7] .
Several studies have reported on electrocardiographic findings in patients with TTS. Typical presentation includes ST-segment elevation or T-wave inversion, while the number of patients presenting with STdepression is comparably low [8] [9] [10] [11] . In anterior STelevation myocardial infarction (STEMI), the pattern of ST-segment elevation (concave-, straight-or convextype) serves as a prognostic marker. In acute STEMI non-concave ST-segment elevation is suggestive of worse left ventricular function, larger infarction size and a higher rate of in-hospital complications [12] [13] [14] . To our knowledge, there is no data available about the clinical implications of such different ECG patterns in TTS.
The present paper aims to expand the knowledge on typical ECG changes in patients with TTS and to test the hypothesis that the pattern of ST-segment elevation has an impact on outcome in TTS. 
Methods

Study population
Electrocardiogram analysis
Twelve-lead ECGs recorded at admission were symptoms to first ECG in two groups: 1. patients with ECG within the first 12 hours after the onset of symptoms (Group Aa) and 2. patients with ECG later than 12 hours after the onset of symptoms (Group Bb).
The difference in ECG changes in acute and subacute settings was examined. Furthermore, ECG changes irrespective of time until the first ECG were investigated.
In a second step, patients were divided into three groups according to the pattern of ST-segment elevation in leads representing the anterior heart wall, mainly V2-V4, respectively: Group A (concave-type), group B
(straight-type) and group C (convex-type) ( Figure 3 and 
Results
Baseline characteristics
After the exclusion of patients mentioned in the methods, a total of 101 TTS patients were included in the study. The mean age among all patients was (Figure 2a ).
Analysis based on the ST-elevation pattern
In a second step, we stratified patients into three groups according to the pattern of ST-segment elevation on Kaplan-Meier analysis demonstrated no significant difference in three-year all-cause mortality between groups (χ2(2) = 0.501, p=0.778) (Figure 2b ). In this study, we further analyzed the ST-segment elevation pattern on admission ECG of TTS patients. Several studies have investigated the prognostic impact of various ECG changes in patients with TTS before [11, 15, 17, 18] . The incidence of prolonged QT time in TTS and its impact on the risk of arrhythmias [17] or the impact of persistent ST-elevation on outcome in TTS patients have been well characterized [18] . This is the first study investigating the prognostic impact of different patterns of ST-segment elevation upon admission ECG. Based on the studies, which have shown that mortality and morbidity rates in TTS are comparable to those of ACS [22] , the recently published international expert consensus paper by the European Society of Cardiology (ESC) stresses the relevance of TTS as a serious condition. Therefore, adequate early management, including both diagnostic, monitoring and therapeutic procedures of patients with TTS is critical in reducing the rate of complications and in-hospital mortality [23] .
Although the study population was relatively small, this analysis indicates an association of non-concave STshape elevation with worse outcomes. Furthermore, the presence of T-wave inversion at the time of admission was correlated with significantly higher levels of NTpro-BNP. 
Limitations and strengths
Conclusion
The present study confirms the typical findings of previous ECG studies in TTS including ST-elevation or T-wave inversion depending on the timing of admission.
The present study also indicates that the pattern of STsegment elevation, as well described for acute STEMI patients, especially the straight-type ST elevation, might
